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PURPOSE:To obtain a light-emitting layer composed of gallium nitride semiconductor thin-film by providing a light-emitting layer composed of at 
least one single-crystal gallium nitride semiconductor on a gallium nitride semiconductor layer oriented in the direction of c-axis and also providing 
an electrode in a desired part. 

CONSTITUTION:ln a sapphire R-face substrate, the R-face of a single-crystal sapphire is polished with the accuracy of + or -0.8 degree and less. 
A gallium nitride semiconductor layer oriented in the direction of c-axis is a gallium nitride semiconductor containing a group III element such as 
Ga simple substance. Many doping 12n-type carriers are generated in the gallium nitride semiconductor layer oriented in the direction of c-axis so 
that a resistance is made small. The c-axis oriented gallium nitride semiconductor layer reduces the miss-match of the lattice constant of the 
sapphire R-face substrate and gallium nitride and further forms a lattice-matching face for the single-crystal gallium nitride semiconductor thin-film 
to grow. Thus, it is possible to obtain a blue light- emitting element. 
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t K - e > ^ L tz c US (rJ L tz n * S8<b*f U A * * 
«W4f«ILfe. 8<b#y^*i^K8WUW4i 
OP^lOOO^VifXho-A) HftUPte30k 
V. «»75AtA^fcv^RHEED&iWlUfcl9*, 
Sfbtf'J AiO aH*^j^*D«^«$:Atfr 6 k X h U 
-^^5->*«aTt, c*fc£iaa^A#tT**liK 
ZC^-ofe^^V^-Vt^irii^^afb^U^AR 
^*«ffll^ c tlGl^ L T i > 4 C k * C k &X 

ti- Slv^r. KB^U^A^iNKIcl^tcSOO 
0 * > df A S □ - 0 n MX&&mtti 'J ^ Aijt 
WWIMWU S€>tC^C0±tCGa*?J:t;i nCDi/^ 
y^-tl^mcMg^iz+y^-tSI^T. 3 0 0*> 
^A h O^ACDM g & K— LftG a i-« I n «N 

u=o. i2) <»m.<np%m<txt)+>&&*mt*M 

Z&ttZZklZ*vX®6lZm**$%&<tX 

[0034] o^r, «ww«»cijyar5 7-<-^n 

^Afet7^ii:tCJ:»J, «»SrftA"r6fetf)^««fcK 
tt*. UV$r57-<-:fD-feAtta#0>:7* KL/i^Ah 
«»fefflv^^D-feAr^ri:^'C*. Xyf->ifffi 

A**Wi4»«1"Sfe«)*Sr^Lfe. o^r. ff* 
3 0 0 0*>dfA h D-ACDA 1 <k 

[0 0 3 5] C^*t6r»^iifc*^fe^V>ifV- 
X®mU 9-<^-,-K>5T-^J:y^«ifflv^TEtt& 

tfofe. c<o*^<o«ft^iov(D«ffSSilrour2 0 

mA<0*»ft?iAf St. 3 7mcd^)»ft*3t^*a 
[0036] 

BIMM'3'] 7>^-7fcfflV>feMBEfttCj:y. Bfb 

s. ai^-f *e>fcXffi«*irtK. wiffl^^ 
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1 1 

[00 3 7J l»8;U^#2lCt±Ga&«feA*l-Cl 0 
2 0CK;W&U ISfcE/l/yaUKfcMs&SfcAftT 
2 8 OrtCftaRU lH8;i/S/sK 5 KttS i fcAtiT 1 1 

*f acd»a KtirtSic 77b 5 * V 7 A *3S* L *f 
[0038] *«8i:LTH:, *7fctfO. 5*C0^7 

r-rrRffifcffifrr*. XSSSrtasatt- 

Sv>nxiO- e TorrrT*of:. *T. S&8* 

9oorr3 0#s«n*iu ov^7 5 0t:^a«c« 

1. 0^^HD-A/8ec(0«IK«'Ci*2 0 
0 0*>^AhD-A©c«E«ltfc«{b*y 

£1000*V^Ahn-A) tciiatesokv, * 

»7 5*AKfc%vCRHEED*iWUfclML Bft* 
'J $ A CD a ^ 6«7tt fc A#tt"* X h U - £ A 

c ttEfpJ L f ^ * C i: US* * C t tfV t * . 
m^X. Sc»IEfcLfc8ft#y^Ai|^]i<3±K3 

ooo^Ah □ - Acomisa n aitttar y $ 

#**ft*U ££K*<&±KGaCDS/*y*-i:rasS 
KZn<&2/*s/*-fcWl7T. 500*>4fAhn-A 
OZnfc K-tf Z/fLfcpHttbrfy *7 A*aK***J& 

gW* r t tc* o r 0 lizmt * -5 fcttt# y 2 a*» 

[0039] ov^, WMH»cyv^7-f-*n 
■fex*tre>£4:K:<fcy, «»*?£A-r*fca>C0*S*H 

3000*>5TAhn-A^Al-I n*&frX2l&* 

&izx->x&a.bit. 

[0040] ztottvnztitcm**** - 

?7ofc. Z<0*7-©««C9VCD«EiBttfDLTl 5m 
A<Z>*aE&ftA-f*i:. 6 0mcd(0ir»ft*A^ffl 

[0041] 

[|5»«4] rv*-7fc«^f-MBEfeic«fcy, SMb 

2, 3, 4t?J:tf5. #X1r;u6, fc<fctf*fiiMS*Vl/ 


1 2 

[0 0 4 2] j|H5i;i/^2i:ttGa4IiAnri 0 
2onk:inflfcL. ISfc/i^auicttMs&MfcAtiT 

2 8 0TZKiia*U lWI;i/->^5C«:S i fcAflT 1 1 

ootxinllLfc. ^ttri±7>^»rfe«ffiu, 
#A<&*\K&(*3&K7;t/5 -7-7 7 >M-fc£*Lfc7J 
xir/i/6$«§u 3 7or:icti«Lr^Afca»icii 

fiSCfttft^icki^UTSc c/mi n(0J**-e« 

10 [0043] *fi8i:LTt*, tyfttfO. 5flE<3*7 
T-fTRffifcttffl* 6. X£8£ft®g£t*, 
t,VtU10" fl Torrrt*ofe. *i\ S&8* 

9 0 0r?3 0$HBft«U m>?7 5ox:coa*c« 

IfrLfctf £G a ScfctfS i ^A/^^O^-r y ^-fcBltf 
TtTW 1. O^^hD-A/secOaKWC 
R»4 0 0 0*v£f A hn-ACO c HEfcLfcSfttf U 
■7A¥»#l&ft*Lfc. »t#U*A^»M«j« 
OI«1000*^KO-A) KanJ|«£E3 0 
20 kV, *»7 5MAK£vvCRHEEDfc»SLfcIS 
»• «<t#y$A<&aa#fc***^*Atrt-**A 
hy-^<* c*#fl;^Altt-*i: 

*CD±C 2 0 0 0 *>^A h a-ACDJW6ft n SBftrJ 
y9A¥W*lfcttaU S<blC*tO±KGa<Di/* v 
^-t|S[I^Zn^)i/^y5-fe98ltT, 1000^> 
if X h D - A O Z n «: K - > ^ t tz p 1 1 J V A 
30 2W&MmttZZtlZ±T>X®7lZm-r*lUm<t 
m *A*»i^fti§&tt8L&. 
[0044] ov^, BfflMi»»ic'JV^7 7-<-ya 

tji. y v^57-<-:/Dir;u±a#<D7* hUi/Ah 

A-r^«ifc*«r&fe5t)«4^«bfe. ov^-e. 

300 0#>^XhO-A<&Al-I n««$:*aSlS 

40 [0045] znismxftiixtzn^tcfji/yvv- 
ftofe. c©*^comik:9v<o«fffcWlnitTi 5m 

htoW&tlfcKtht* 10 0mcdO#»ft583t^ 
[0046] 

t«8#l5] r>*-74ffi^fcMBEi£CJ:y. Bit 
y »7 A#¥**«7WR**f1* L fcWtco ^TR^-r 

2. 3, 4*?J:t;5. ^fx-fe;i/6. S^lWtSiDlS*^ 
50 3T-7&«iLfclSA£ftSB6^v>fc. 
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1 3 

[0 0 4 7 J m&R)l>y#2lZttG &£&Z\tiX 1 0 
2 0TCK;WRU «JW;u^#4*cttMs&a*AftT 
2 8 0rklMIL. W8;i/S/*5iCttS i fcAtiT 1 1 

X-fe;i/6fe«fflL. 3 7 0T:Kft»LT#Xfc[IttK* 

[0048] *«8i:LTl*. *7fttfO. 5*<B*7 
^TlX10- fl Torrrt*ofe. **\ S£8* 

9 0ox:^3 0#flMisu o^?7 5 0x:<Da*K« 

l&Lfctf *G a £<i:l/S i 0))Wrt<b*/<r y * -feHtf 
TftV^ 1. 0^>^hD-A/$ e c<D£M&BtV 
H»4 0 0 0*>#X K D-ACB c IIEfi l/fcafttf U 
a<b#U$A*¥»#*«j£ 
** (*£ lOOOtfi/iTxha-A) 3 0 

kV, «a7 5MA^JS^TRHEEDfi:iWSLfclS 

UJi* - Vi: fc* r t frkWtti 'J 

ARiNKww^ c tfisffl ur n 6 c t zn&t * c t 
*e&±£ l b o o * > i^* h □ - AV>sm& n sa<b;*f 

n«'>ty5- i:EIB$lcZn0S/+3/*-frHttT, 1 
0 0 0*V^Aha-ACDZnfeK-^V^L£G ai- 
.In.N (x = 0. 20) nmj&topZS&ittiWl** 
■itJIfcjMtU S£K-t<0±KGa<&f*y*-i:ra 30 
B#KZn<Bi/+y*-fcWttTl 0 0 0*>^XSn- 

A^mea p£s<b#u ^ A*«tti*j&s-r a r * k 

<fc o T 0 1 0 tzm* <fc } *B<b*f "J 1? 

[0049] owe, flfflW*«KUV^7-<-:/D 
*AM5iz*KJ:9. *»fc&A-r*fc«>0**fcK 
It*. V\>#?74--fo±A\tiMt<fiy*hl'i/Ab 

At*mift»ttr4fe«?)*tfaiLfe. o^r. jm 40 

3000*>^AKO-A<BA1-I ntSfrXgJK* 
[0 0 5 0] Z<httVft*h1t ! tfr**<<i/y* % J- 

ffofc. 7 7Ki:s^rr<o»-7-o«f^<;uA±(o* 

Vt&tXtZt* J£A««*JE2 0 0A/cm 2 >X±C 
finTU-*-*iJW««lifc. $63fcfcftt*4 3 0 n 

[0051] 

[Jt««] £»«c»t, GaH*ffl;VV^2^ffl«fc 50 


14 

1 0 6 or t tr 7>^-rcoitA*^ 2 0 c c /m i 

0*>^AhO-A) lCft««E30kV. t%7 5M 
AC£v>TRHEEDlW*t7r>fc. 

[0052] 

*3=-tt. 1t7T-rrRffiitfiLhCl MmJ^Tfcv^B^b 

mi) mi^8^v^ceA^sa^««HT« 
*. 

[02] a<b^y^Am^(M»(oeA0«i&&^r 

RHE E D><* ->^XT**. 

IB3] m&mivimttzG &KX&m*v>mmm t & 

[04] JOfemTflai/feGaNlty^®*^*- 
[05] JttHfltttaifeG a N«#**<D$MfcA* 

£ K;u&^tfe0-c*i. 

[06] »MI2'C4niLfeGai^iI n-NXHX*? 

[07] 5«g«3-efWUfcGaN*3fe*^»rffi«ia 
&^Lfe07?*4. 

[08] c(SGaN/n-GaN/p-GaN/n-G 
ai-»I n»N/p -Gai-«I n«N7&*e>fc a&ifc*?- 
«KtfcwLfc0?fc*. 

[09] c«Gai-«In.N/n-GawIn«N/p 
-GawInxN (x 2y) 
mU*:0"Cfe*. 

[010] c«Gei-.In.N/n-G8i-.In.N/ 
p-Gai-yInyN/p-Gai-«IniN (x£y) A» 

1 

2 SKffiii/^* 

3 

4 KKJSA'tytf 

5 HM^4C 

1 jtmrn*^*- 

8 Sfi 

9 £5W3jv<*;i/ 
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15 


10 '<JU7 

11 ^-frthvy? 

12 mXiXy? 

13 ttEFteKvy 

14 £/ty^- 

15 ^y*- 
16 

17 S/ty^» 
18 

19 c«IE(^GaNf 


10 


16 

2 0 *»fin-GaNJi 

2 1 WSfti-GaNJf 

22 MVS 

2 3 IUS4n-Gai-»I n«N* 

24 *«I P -Gai-.In.Nf 

2 5 **ftp-GaNJi 

2 6 cHEl^G ai - I n-NJi 

27 UUp-GawlD.NKx^y) 

28 «Hp-GawlD,Nl(x<y) 


[91] 


[B2] 





(H3) [B4] 



-ia -5 0 5 io 

VS.. (V) 
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